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Acronyms and Key Terms

BOD Biochemical Oxygen Demand

Btu British Thermal Unit

C Carbon*

CaCQ Calcium Carbonate

CCS Center for Climate Strategies

CEC Commission for Environmental Cooperation in North America
CFCs Chlorofluorocarbons*

CHa Methane*

CO Carbon Monoxide*

CO, Carbon Dioxide*

CO.e Carbon Dioxide Equivalent*

CRP FederalConservation Reserve Program

DOE Department of Energy

DOT Department of Transportation

EEZ Exclusive Economic Zone

EIA US DOEEnergy Information Administration

ElIP Emission Inventory Improvement Program

EPA United States Environmental Protection Agency
FAA Federal Aviation Administration

FAPRI Food and Agricultural Policy Research Institute

FERC Federal Energy Regulatory Commission
FHWA Federal Highway Administrain

FIA Forest Inventory Analysis
Gg Gigagrams

GHG Greenhouse Gas*

GWh Gigawatthour

GWP Global Warming Potential*
H,O Water Vapor*

HBFCs Hydrobromofluorocarbons*
HC Hydrocarbon

HCFCs Hydrochlorofluorocarbons*
HFCs Hydrofluorocarbons*
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HWP Harvested Wood Products

IPCC Intergovernmental Panel on Climate Change*

kg Kilogram

km? Square Kilometers

kWh Kilowatt-hour

Ib Pound

LF Landfill

LFG Landfill Gas

LFGTE Landfill Gas Collection System and Landi@lasto-Energy
LNG Liquefied NaturalGas

LPG Liquefied Petroleum Gas

MAAC Mid-Atlantic Area Council
MANE-VU Mid-Atlantic/Northeast Visibility Union
MDDNR  Maryland Department of Natural Resources

MDE Maryland Department of the Environment
Mg Megagram

MMBtu Million British Thermal Units

MMt Million Metric Tons

MMtC Million Metric Tons Carbon
MMtCO,e Million Metric tons Carbon Dioxide Equivalent

MSW Municipal Solid Waste

Mt Metric ton (equivalent to 1.102 short tons)
MWh Megawatthour

N2O Nitrous Oxide*

NASS National Agriculture &tistical Service

NEI National Emissions Inventory

NEMS National Energy Modeling System

NF National Forest

NMVOCs Nonmethane Volatile Organic Compound*
NO, Nitrogen Dioxide*

NOy Nitrogen Oxides*

O3 Ozone*

OoDS OzoneDepleting Substance*

OH Hydroxyl Radical*
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OPS
PFCs
ppb
ppm
ppt

ppmv
RCI

RGGI
RPS
SAR
SED
Sk
Sinks

SIT

SOG

t

T&D
TAR
TOG
TWh
UNFCCC
U

US DOE
US EPA
USDA
USFS
USGS
VMT
VOCs
WW

yr

Office of Pipeline Safety
Perfluorocarbons*

Parts per Billion

Parts per Million

Parts per Trillion

Parts per Million by Volume
Residential, Commercial, and Industrial
Regional Greenhouse Gastiaiive
Renewable Portfolio Standard
Second Assessment Report*
State Energy Data

Sulfur Hexafluoride*

Removals of carbon from the atmosphere, with the carbon stored in forests, soils,
landfills, wood structures, or other biomastated products.

State Greenhouse Gas Inventory Tool

Sulfur Dioxide*

Metric Ton

Transmission and Distribution

Third Assessment Report*

Total Organic Gas

Terawatthour

United Nations Framework Convention on Clim&teange
United States

United States Department of Energy

United States Environmental Protection Agency
United States Department of Agriculture

United States Forest Service

United States Geological Survey

Vehicle Mle Traveled

Volatile Organic Compound*

Wastewater

Year
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1.0 EXECUTIVE SUMMARY

1.1 OVERVIEW

The Maryland General Assembly passed the Greenhousér@asions Reduction Act, Senate Bill
-SB 278 and House B#IHB 315 in 2009, which is codified in Maryland Annotated Codes, Title 2,
Subtitle 1203 The Bill requires the Department of the Environment to publish and update an
inventory of statewide greouse gas emissions for calendar year 2006; requires the State to
reduce statewide greenhouse gas emissions by 25% from 2006 levels by 2020; and requires the
State to develop and adopt a specified plan, adopt specified regulations, and implement specified
programs to reduce greenhouse gas emissions.

Additionally, the Bill specifically mandates the Department of the Environment to prepare and
publish an updated annual inventory of statewide greenhouse gas emissions for calendav.year 201

To comply withthis mandate, the Maryland Department of the Environment (MDE) presents this
report that estimates the statewide emissions of Greenhouse Gas (GHGS) for calendar7year 201
Statewide activity data from agriculture, fossil fuel combustion, industrial pegesatural gas
transmission and distribution, transportation, solid waste, and wastewater treatment were used to
develop the periodic 2Flinventory.

The report and the emissions inventory is divided ird@es major sectors that contribute to
greenhous gases emissions in Maryland:

Electricity use and supply

Residential, commercial and industrial fossil fuel combustion (RCI)
Transportation

Industrial processes

Fossil fuel industry (fugitive emissiofisgreenhouse gas released from leakage)
Waste managment

Agriculture

= =4 -8 -8 _-9_9_-°

Maryl andds ant hropogenic GHG emissions and an
estimated for the periodic year (Z0QLsing a set of generally accepted principles and guidelines for
State GHG emissions, relying to the extent possible on Margpedific input data.

The inventorycovers the six types of gases included in the US Greenhouse Gas Inventory: carbon
dioxide (CQ), methane (Cl), nitrous oxide (MO), hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (§FEmissions of these GHGs are presented using a common
metric, carbon dioxide equivalence (&) which indicates the relative dabution of each gas,

1§ 2-1203. Statewide greenhouse gas inventory
http://www.michie.com/maryland/IpExt.dlI?f=templates&eMail=Y &fn=mdithtm&cp=mdcode/dea9
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per unit mass, to global average radiative force on a global warming potéaWaP-) weighted
basis (see Section 1.41).

Table ES1 provides a summary of the 206HG emissions for Maryland. Activities in Maryland
accounted for gproximately79.12 million metric tons (MMT) ofgros€ CO,e emissions
(consumption basis) in 2@lan amount equal to abd2621 % reductionof thetotal Maryland
gross GHG(107.23MMTCO2e)emissionsn 2006

Esti mates of ¢ ar b o forests, including wlbah forests and Eamd yide ahardyés s
have also been included in this report. The current estimates indicated that ab»MMTCO.e

was stored in Maryland forest biomass and agricultural soils iA. 201is leads tmetemissions of
67.40 MMTTCO.e in Maryland in 207

There are three principal sources of GHG emission in Maryland: electricity consumption;
transportation; and residential, commercial, and industrial (RCI) fossil fuel use. Electricity
consumption accounted f8L % of grossGHG emissions in 201 Transportation accounted for
40% of Mar y|GHEG dniissiongin 275 vehile RCI fuel use accounted fb8 % of
Mar y | a n/gross GHGOemissions.

A graphical representation of the Z0GHG emissions by source sector is presented in Figwk ES

! Changes irthe atmospheric concentrations of GHGs can alter the balance of energy transfers between the atmosphere,
space, land, and the oceans. A gauge of these changes is called radiative forcing, which is a simple measure of changes

in the energy available to thgarth atmosphere system (IPCC, 2001). Holding everything else constant, increases in
GHG concentrations in the atmosphere will produce positive radiative forcing (i.e., a net increase in the absorption of
energy by the Earth). SeBoucher, O., et al. "Riative Forcing of Climate Change." Chapter &iimate Change

2001: The Scientific Basi€ontribution of Working Group 1 of the Intergovernmental Panel on Climate Change
Cambridge University Press. Cambridge, United KingdAwailable at:
http://www.grida.no/climate/ipcc_tar/wg1/212.htm

2 Excluding GHG emissions removed due to forestry and other land uses.
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FIGURE ES-1: GROSSGHG EMISSIONS BY SECTOR, 2017, MARYLAND

2017 GHG Emissions By Sect

B RCI Fuel Use
17%

B Electricity Use
(Consumption)
31%

B Transportation
Onroad
36%

m Waste Managemerjt
3%
B Industrial Processas

B Transportation
Nonroad

2% ® Fossil Fuel Industry 4%

1%

A comparison of the 2006 Base Year, 2@ riodic and 2020 Busineasusual inventories, as

illustrated in Figure EQ and shown numerically in Table BSshows a decline (approximat&§y

%) i n Maryl andos g 7foommshe 2066@ase Yiears si ons i n
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1.2 EMISSIONS SUMMARY

Table ES1: Maryland Periodic 2017 GHG Emissions, by Sector

2006 2017 2020
SOURCE CATEGORY (MMtCOe) (MMtCOe) (MMtCO€e)
Energy Use (GOCH, NO) 95.75995003 70.53129 125.3426075
Electricity Use (ConsumptioP}) 42.47567455 24.30711 58.7927804
Electricity Production
(in-state) 32.16484764| 12.27815 42.87607466
Coal 28.27769105 9.23663 33.78898734
CQ 28.13057387 9.16593 33.61319714
CH 0.006356915 0.02202| 0.007595873
N,O 0.140760271 0.04869 0.16819432
Natural Gas 3.649880813 2.89251| 8.448329699
ca 3.64841301 2.88733| 8.444932197
CH 0.000592766 0.00101| 0.001372068
N.O 0.000875036 0.00416| 0.002025434
Oil 0.237275776 0.1490L 0.638757627
cQ 0.236572609 0.1485 0.636878026
CH 0.00017791 0.0088 0.000475562
N,O 0.000525257 0.00B8 0.00140404
Wood 0 0.0000 0
cQ 0 0.0000 0
CH 0 0.0000 0
N,O 0 0.0000 0
MSW/LFG
Net Imported Electricity 10.31082691 1202896 | 15.91670574
Residential/Commercial/lndustrial (RCI)
Fuel Use 16.87079695 13.87073 18.84224894
Coal 2.997788692 1.16917 4.197594934
CQ 2.976126985 1.16100 4167405746
CH 0.007134829 0.0254 0.009849136
N,O 0.014526878 0.00563 | 0.020340052
NaturalGas & LPG 9.21041471 9.73527 9.996587616
ofe) 9.18802397 9.71068| 9.971684867
CH 0.016000535 0.01777 0.017922089
N.O 0.006390205 0.00683 0.00698066
Petroleum 4.576524718 2.91030 4.556581609
CcQ 4557477225 2.89906| 4.527502018
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2006 2017 2020
SOURCE CATEGORY (MMtCO.€) (MMtCO.€) (MMtCOs€)

CH 0.008508848 0.00658 0.009214914

N.O 0.010538645 0.000565 0.019864676
Wood 0.086068834 0.05599 0.091484784

CcQ 0 0.000000 0

CH 0.061142772 0.04061 0.067513098
N,O 0.024926062 0.01538 0.023971687
Transportation 35.47159388 31.80433 46.78388945
Onroad Gasoline 23.7595 2240003 30.70935375
CcQ 23.195 2232288 29.97973274
CH 0.0462 0.00638 0.059713889
NO 0.5183 0.07077 0.669907113
Nonroad Gasoline 1.044117546] 0.959701 1.063830439
CcQ 1.039550516 0.94240 1.059010076
CH 0.000920455 0.01731L 0.000996549
N.O 0.003646576 0.0000 0.003823814
Onroad Diesel 5.9103 6.17588 7.8804

CcQ 5.907 6.15662 7.876

CH 0.0003 0.00m9 0.0004

N.O 0.003 0.01916 0.004
Nonroad Diesel 1.503926174 0.954964 1.849891371
CcQ 1.488082933 0.9540 1.830352665
CH 0.004221409 0.00047 0.005243769
N.O 0.011621832 0.0000 0.014294937
Rail 0.238839589 0.16704 0.297300341
CQ 0.236600579 0.16547 0.294513289
CH 0.000391175 0.00@7 0.000486923

NO 0.001847835 0.00129 0.00230013
Marine Vessels (Gas & Oil) 0.997636149 0.11507 1.745970666
CQ 0.988598138 0.11444 1.730153174
CH 0.00147329 0.0001 0.002578417
N.O 0.00756472 0.00®0 0.013239075
Lubricants, Natural Gas, and LPG 0.295955146 0.33332 0.474922542
CQ 0.295955146 0.33028 0.474922542

CH 0 0.00304 0

N.O 0 0.0000 0
Jet Fuel and Aviation Gasoline 1.721319275 0.69832 2.762220349
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2006 2017 2020
SOURCE CATEGORY (MMtCO.€) (MMtCO.€) (MMtCOs€)

CcQ 1.703343607 0.69118 2.733374593

CH 0.001626024 0.00062 0.0026093
N.O 0.016349643 0.00652 0.026236456
Fossil Fuel Industry 0.941884638 0.549117 0.923688683
Natural Gas Industry 0.811536367 0.458283 0.793340412
CQ 0.000128636 0.000442 0.000125751
CH 0.811336294 045796 0.793144825

N,O 7.14367ED5 0.0046 6.9835E05

Oil Industry 0 0.0000 0

CQ 0 0.0000 0

CH 0 0.0000 0

NO 0 0.0000 0
Coal Mining 0.130348272 0.090834 0.130348272

CcQ 0 0.0000 0
CH 0.130348272 0.090834 0.130348272

NO 0 0.000M0 0
Industrial Processes 7.441042334 4.69577 10.24474052
Cement Manufacture 1.483241728 1.51184 2.092130448
CQ 1.483241728 1.51184 2.092130448

CH 0 0.0000 0

NO 0 0.0000 0
Limestone and Dolomite 0.113941192 0.14589 0.212053625
CQ 0.113941192 0.14589 0.212053625

CH 0 0.0000 0

NO 0 0.0000 0
Soda Ash 0.04761102 0.03%7 0.047600367
CcQ 0.04761102 0.03%7 0.047600367

CH 0 0.0000 0

N.O 0 0.0000 0

Iron and Steel 3.597116387 0.0000 3.851428544

CQ 3.597116387 0.0000 3.851428544

CH 0 0.0000 0

N.O 0 0.0000 0

ODS Substitutes 1.971282442 2.95664 4.041527541

CcQ 0 0.0000 0

CH 0 0.0000 0
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2006 2017 2020
SOURCE CATEGORY (MMtCOe) (MMtCOe) (MMtCOe)
HFC, PFC,SF 1.971282442 2.95664 4.041527541
Electricity Transmission and Dist. 0.227222585 0.04037 0
CQ 0 0.0000 0
CH 0 0.0000 0
HFC, PFC,SF 0.227222585 0.04037 0
Semiconductor Manufacturing 0 0.0000 0
CQ 0 0.0000 0
CH 0 0.0000 0
HFC, PFC, SF 0 0.0000 0
Ammonia and Urea Production
(Nonfertilizer Usage) 0.000626981 0.00147 0.001553245
CcQ 0.000626981 0.00147 0.001553245
CH 0 0.0000 0
HFC, PFC,SF 0 0.0000 0
Aluminum Production 0 0.0000 0
CcQ 0 0.0000 0
CH 0 0.0000 0
HFC, PFC, SF 0 0.0000 0
Agriculture 1.771426158 1.61428 1.8593378
Enteric Fermentation 0.41906793 0.38195 0.513375915
Cca 0 0.0000 0
CH 0.41906793 0.38195 0.513375915
N,O 0 0.0000 0
Manure Management 0.32126318 0.30721 0.288792819
CcQ 0 0.0000 0
CH 0.091393836 0.0987 0.056315177
NO 0.229869344 0.21334 0.232477642
Agricultural Soils 1.019673739 0.908171 1.046309668
CcQ 0 0.0000 0
CH 0 0.0000 0
N,O 1.019673739 0.90817 1.046309668
Agricultural Burning 0.006273052 0.00628 0.00571114
CcQ 0 0.0000 0
CH 0.003893109 0.00378 | 0.003563812
N,O 0.002379944 0.00250 0.002147328
Urea Fertilizer Usage 0.005148257 0.01067 0.005148257
CcQ 0.005148257 0.01067 0.005148257
MD 20T Periodic GHG Inventory Documentation Page|7




2006 2017 2020
SOURCE CATEGORY (MMtCOe) (MMtCOe) (MMtCOe)
CH 0 0.0000 0
N,O 0 0.0000 0
Waste Management 2.257117951 2.27859 2.602876711
Waste Combustion 1.292301717 118778 1.492576145
CQ 1.272171161 118749 1.469325857
CH 0 0.00®@5 0
N,O 0.020130556 3.28E05 0.023250289
Landfills 0.388955279 0.45721 0.449233614
CcQ 0.151585044 0.122% 0.175076933
CH 0.237370235 0.334% 0.274156681
N;O 0 0.0000 0
Wastewater Management 0.542860955 0.60060 0.622952777
cQ 0 0.0000 0
CH 0.377311419 0.40799 0.431747205
N,O 0.165549536 0.19261 0.191205572
Residential Open Burning 0.033 0.0330 0.038114174
cQ 0.033 0.0330| 0.038114174
CH 0 0.0000 0
N,O 0 0.0000 0
Gross Emissions (Consumption Basis, Excludes Sinks) 107.2295365 79.11993| 140.0495625
decrease relative to 2006 2621%
EmissionsSinks -11.79034917 -11.72206 -11.75139092
Forested Landscape -10.44657783 -10.446 -10.44657783
Urban Forestry and Land Use -1.331309142 -1.24056 -1.331309142
Agricultural Soils (Cultivation Practices -0.051420445 -0.0512 -0.051420445
ForestFires 0.038958248 0.016502 0.038958248
CH 0.032452487 0.013746 | 0.032452487
N,O 0.00650576 0.02756 0.00650576
Net Emissions (Consumptions Basis) (Including forestry, land use, and ag sinks) 95.4391873 67.39788 128.2981716
decrease relative t?006 29.38%
MD 20T Periodic GHG Inventory Documentation Pagel| 8



Figure ES-2: Gross GHG Emissions Comparison by Sector, 2006, 0 2014,2017& 2020
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FIGURE ES-3: MARYLAND GROSSGHG EMISSIONS BY SECTOR, 20062020: BASE YEAR AND
PROJECTED

Figure ES-2

B Electricity Use (Consumption) BMRCIFuel Use HTransportation - Onroad
B Transportation - Nonroad B Fossil Fuel Industry B Industiial Processes

0.0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

1.3 SOURCE CATEGORIES

Thisdocument describes the inventory procedures the Maryland Department of the Environment
(MDE) used to compile the 2@periodic emissions inventory of the greenhouse gas pollutants;
carbon dioxide (Cg), methane (Ck), nitrous oxides (BD), Sulfur hexafluade (Sk),
chlorofluorocarbons (CFC) and hydro chlorofluorocarbons (HCFC). The emission sources are
divided into the following eight source categories:

Electricity Supply

Residential, Commercial, and Industrial (RCI) Fuel Combustion

Transportation Energyse

Industrial Processes

Fossil Fuel Production Industry

Agriculture

Waste Management

=2 =4 =4 -4 _-8_-4_-9
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1 Forestry and Land Use

The inventory procedures outlined in this document have been calculated omvddstdiasis and
have not been spatially allocated to the cgulenel unless otherwise stateBescriptions of each
emission source category are presented in the following paragraphs:

1.3.1 Electricity Supply

The electricity supply sector account for emissions occurring as a result of the combustion of fossil
fuel atelectricity generating facilities located both in and outside of the State. Carbon dioxige (CO
represented more than 98.% of total sector emissions, with methane gC&hd nitrous oxide

(N2O) CO-equivalent emissions comprising the balance.

Marylandis a net importer of electricity, meaning that the State consumes more electricity than is
produced in the State. For this analysis, it was assumed that all power generated in Maryland was
consumed in Maryland, and that remaining electricity demand wakymeported power. Sales
associated with imported power accounted4@n9% of the electrity consumed in Maryland in

2017 GHG emissions from power producedsiate are dominated by coal use, followed by
emissions from oil use and natural gas éseshown in Figure B3, electricity consumption

accounted forabo#1 % of Mar yl andods gr o7/{aboutHIMICOMm)I S si ons

In2017, emi ssions associated wit M43MiMCPIelaverd 6s el e
about 2.03 MMtCO.e higherthan those associated with electricity productibh Z8MMtCO.e).

The higher level for consumptidrased emissions reflects GHG emissions associated with net

i mports of electricity t oThaeoasumphbiasgdlapproachan el e
better reflect the emissions (and emissions reductions) associated with activities occurring in
Maryland, particularly with respect to electricity use (and efficiency improvements), and is

particularly useful for policymaking.

1.3.2 Residential, Commercial,and Industrial (RCI) Fuel Combustion

This section accounts for emissions associated with direct fossil fuel used in the residential,
commercial and the industrial sector to provide space and process heating.

1.3.3 Transportation Energy Use

Emissions estimatkfor this sector are the result of fossiel consumed primarily for

transportation purposes, both onroad mobile sources and nonroad mobile sources of transportation.
Onroad mobile sources include the vehicles traditionally operated on public roadvikege

include:

i Cars

11n 2017, Total Maryland Retail Sales of Electricity (gross) were 62,873,438 MWh, of which 28,769,198 MWh (i.e., 46
%) were estimated to be from imports.

2 Estimating the emissions associated with electricity use requires an understanding of theyeteatris (both in

state and oubf-state) used by utilities to meet consumer demand. The current estimate reflects some very simple
assumptions, as described in Appendix A.
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1 Light-duty trucks

f Vans

i Buses

9 Other diesel vehicles

Other modes of transportation, such as airplanes, trains and commercial marine vessels are included
under the general category of Nonroad mobile sources. Nonroad mabites also include

motorized vehicles and equipment, which are normally not operated on public roadways. These
include:

Lawn and garden equipment
Agricultural or farm equipment
Logging equipment

Industrial equipment
Construction equipment
Airport servce equipment
Recreational land vehicles or equipment
Recreational marine equipment
Locomotives

Commercial aviation

Air taxis

General aviation

Military aviation

Commercial Marine Vessels

=4 =2 =0 _-0_9_9_9_45_4_29_2._-2°_---°5_-2

As shown in Figure E3, the transportation sector accounted foradodt of Mar yl and o6 s
GHG emissions in 20A(about 2 MMtCO,e ) . Ma r y7Carpad dasolin2 Qehicles

accounted for abomt0 % of transportation GHG emissions. Onroad diesel \ehigccounted for
anotherl9 % of emissions, and air travel for rougi2$6. Marine vessels, rail, and other sources

(natural gasand liquefied petroleum gad_PG-) fueledvehicles used in transport applications)
accounted for the remainir®g% of transprtation emissions.

1.3.4 Industrial Processes

Emissions estimated in the industrial sector account for only process related GHG emission from
the four main industrial processes that occurs in the state;
(1) CO,emissions from cement production, soda dsigmite and lime/ limestone
consumption;
(2) CO, emissions from iron and steel production;
(3) Sulfur Hexafluoride (S§ emissions from electric power transmission and distribution
(T&D) system, transformers use, and
(4) Hydrofluorocarbons (HFC) and Perfluorocarbons (PFC) emissions resulting from the
consumption of substitutes for ozedepleting substances (ODS) used in cooling and
refrigeration equipment.
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1.3.5 Fossil Fuel Production Industry

This section reports GHG emiess that are released during the production, processing,
transmission, and distribution of fossil fuels, (primarily natural gas and coal) in the state. Methane
(CH,) emissions released via leakage and venting from oil and gas fields, processing facitities,
natural gas pipelines and fugitive ¢émission during coal mining are estimated in this section, as
well as carbon dioxide (Cemissions associated with the combustion of natural gas in
compressor engines (referred to as pipeline fuel).

1.3.6 Agriculture.

The emissions estimated in this section refer tocemmrgy methane (Cjiand nitrous oxide (pD)
emissions from enteric fermentation, manure management, and agricultural soils. Emissions and
sinks of carbon in agricultural soils are also estimatedisnsection. Energy emissions (combustion

of fossil fuels in agricultural equipment) are not included in this section, but are already accounted
for under the RCI and Nonroad transportation segtor.

1.3.7 Waste Management

GHG emi ssi ons faste mnddement practices dvere astimated in this section from
the three (3) main classes of waste management in Maryland; (1) solid waste management, mainly
in the form of CH emissions from municipal and industrial solid waste landfills (including tG&i

is flared or captured for energy production); (2) wastewater management, includirapn@€MO

from municipal and industrial wastewater (WW) treatment facilities ; and (3)a@d NO from
municipal solid waste incinerations.
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1.3.8 Forestry and Land Use

This section provides an assessment of the net Greenhouse §assilliting from land uses, land

use changes, and forests management activities in Maryland. The balance between the emission and

uptake of GHGs is known as GHG flux. The GHG emissions astuiin this section includes GO
emissions from urea fertilizer use, ¢&hd NO emissions from wildfires and prescribed forest

burns, and BO from synthetic fertilizers application to settlement soils. Carbon uptake
(sequestration) pathways estimatedhiis section include; carbon stored in above ground biomass,
below ground biomass, dead wood, and littfirest carbon flux), carbon stored in the form
landfilled yard trimmings and food scraps, carbon stored in harvested wood product/ wood product

in landfills as well as carbon stored in urban trees.

1.4 BASIC ASSUMPTIONS

1.4.1 Greenhouse Gas Pollutant Global Warming Potential (GWP)

Carbon dioxide has a Global Warming Potential (GWP) of exactly 1 (since it is the baseline unit to
which all other greenhougmses are compared). Equivalent,GOO.€e) is the concentration of
CO, would cause the same level of radiative forcing as a given type and concentration of

greenhouse gas. Maryland used the established Intergovernmental Panel on Climate Change (IPCC)
the greenhouse

gl obal warming potential ds for
Table ES2: IPCC Global Warming Potential for GHG

GHG Pollutant GWP
Carbon Dioxide (C@) 1
Methane (CH)) 21
Nitrous Oxide (NO) 310
Sulfur Hexafluoride (S§) 23,900
Perfluorocarbons (PFCs) 9,200
Hydro Chlorofluorocarbons (HCFC) 11,700

1.4.2 Confidentiality

This document does not contain any confidential information; however, confidential
information/data are included in the documentation of emissions calculations for major sources

categories.
'The term Afluxo is used here t
from the at mosphere. Removal of

0

e the abmogplerse sandramboval ofeCmi s s i o
from the

C

at mosphere
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1.5 DOCUMENT ORGANIZATION

Detailed descriptions of the specificsamptions, source information, and calculations on which the
inventory is based are presented in the sections described below.

Section 2.0 contains more detailed analysis and a general description of methodologies used in the
emissions calculations fané electricity supply sector.

Section 3.0 contains more detailed analysis and a general description of methodologies used in the
emissions calculations of the residential, commercial, and industrial fuel combustion sector.

Section 4.0 contains modetailed analysis and a general description of methodologies used in the
emissions calculations of the-ooad mobile transportation energy use sector.

Section 5.0 contains more detailed analysis and a general description of methodologies used in the
emissions calculations of the nwoad mobile transportation energy use sector.

Section 6.@ontains more detailed analysis and a general description of methodologies used in the
emissions calculations of the industrial processes sector

Section 7.0 contas more detailed analysis and a general description of methodologies used in the
emissions calculations of the fossil fuel production industry sector.

Section 8.0 contains more detailed analysis and a general description of methodologies used in the
emissions calculations of the agricultural sector.

Section 9.0 contains more detailed analysis and a general description of methodologies used in the
emissions calculations of the waste management sector.

Section 10.0 contains more detailed analysis and a general description of methodologies used in the
emissions calculations of the forestry and land use sector.
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2.0 ELECTRICITY SUPPLY

2.1 OVERVIEW

This section describes the data sources, key assumptionbgaméthodology used to develop the
periodic 207 inventory of greenhouse gas (GHG) emissions associated with meeting electricity
demand in Maryland. It also describes the data sources and key assumptions used in developing the
periodic 20¥ GHG emissionsssociated with meeting electricity demand in the state.

The methodology used to develop the MD inventory of GHG emissions associated with electricity
consumption is based on a bottom up approach fstaite electricity generation and also includes
emisson estimates for imported electricity. There are four fundamental premises of the GHG
inventory developed for MD, as briefly described below:

1 Developing the consumption estimate involves tallying up the GHG emissions associated
with consumption of eledtity in MD, regardless of where the electricity is produced. As
MD is a net importer of electricity, a consumptibased emission estimate will be different
than a productiobased estimate.

1 The GHG inventory is estimated based on emissions at thegalgctric generation only.
That is, GHG emissions associated with upstream fuel cycle process such as primary fuel
extraction, transport to refinery/processing stations, refining, beneficiation, and transport to
the power station are not included.

1 As an approximation, it was assumed that all power generated in MD was consumed in MD.
In fact, some of the power generated in MD is exported. However, given the similarity in the
average carbon intensity of MD power stations and that of power stationssurtbending
MAPP region, the potential error associated with this simplifying assumption is small, on
the order of 2%, plus or minus.

2.2 DATA SOURCES

T MDEG6s Annual Emi ssions Certification Repor
certification reports from eléic generating facilities are the primary source of information
for the emission estimates for the Z@HG periodic inventory.The certification reports
were validated by the electric power facilities and submitted to the AiRaddhtion
Administration (ARA) Compliance Program. Engineers with the compliance program
reviewed the emission certification reports for accuracy.

1 Regional Greenhouse Gas Initiative (RGGI): The RGGI program (Summary Level Emission
Report) report and data sets can be accessed through the following wetpst&rgot
coats.org/eats/rggi/index.cfm?fuseaction=search.rggi_summary_report_input&clearfuseattri
bs=true). This reportwas usedd QA/QC emission data reported in MD ECR.
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1 EPA Clean Air Market Division (CAMD): This is a database file available from the EPA
Clean Air Market Division under the Emissions Collection and Monitoring Plan System
(ECMPS). The information in the databas®ased on information collected from utilities.
Additional data provided includes fuel consumption and net generation in power stations by
plant type.The ECMPS report and dataas used to QA/QC heat input data reported in MD
Emission Certification Repts. This information can be accessed from:
http://ampd.epa.gov/ampd/QueryToolie.html

1 US EPA State Greenhouse Gas Inventory Tool (SIT):
http://www.epa.gov/statelocalclimate/resources/tool.html

1 Global warming potentialsThese are based on values proposed by the Intergovernmental
Panel on Climate Change (IPCC) Third Assessment Report. This information can be
accessed directliyom http://www.ipcc.ch/pub/reports.htm

1 US Energy Information Administration: Electricity Data Browststail Sales of Electricity.
This databaseras used to determine total sales of electricity acrbsgetiorsThe
document can be accessed through the following website:

http://www.eia.gov/state/seds/data.cfm?incfile=/state/seds/sep fueilidmlise es.html&
sid=MD

https://www.eia.gov/electricity/data/browser/

2.3 GREENHOUSE GAS INVENTORY METHODOLOGY
2.3.1 Carbon Dioxide (CO,) Direct Emissions

Maryland 20Y electric generating unit C{&missions were compiled from the annual Emissions
Certification Reports submitted to MDE Air aR&diationAdministration Compliance Program.
The Compliance Program is responsible for collecting annual air emissions that are certified as
accurate from lagye Maryland facilities. The MDE Annual Emissions Certification Report formed
the basis for the estimation of @@mission from electric power plants.

The 20T annual emission certification reports data, submitted by power plant operators in

Maryland, werecrossc hecked against both the EPAGs Cl ean
emi ssions reporting and tracking database and
Program (GHGRP) GHG data. The CAMD data reports £€nissions from fossil fuel fired

pl ants with a generating capacity of 25 megaw
and Monitoring Plan System (ECMPS), where reported data are; hourly value for measured
parameters, calculated hourly emission value, instrument calibrat@aigdiaggregated summary

data. While the GHGRPathbase (GHG data) provides the same information as well ag, @Hd

N>O emissions;his databaseovers additional units (electricity generators) not reported under the

acid rain program. These databagesvide a readily accessible, annually updated source of GHG
emissions from the electric power plant and were accessed by MDE during verification of emissions
reported in MDE Annual Emission Certification Report.
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2.3.1.1 Clean Air Markets Division (CAMD) Sources.

Maryland has a substantial database of both small and large air emission sources compiled over the
last eighteen years. Regulated facilities are required to submit annual Emissions Certification
Reports to MDEARA Compliance Program. The Compliance Pang facility inspectors verify

the submitted emission estimates for accuracy and complet&hessnit level CQ emission data

was compiled to the facility level and formed the basis for the estimation p&i@Gsion for the

State.

MDE verified CAMD facility emissions data with MDE Certification Report emission data through
the following steps:

1. Identified the CAMD facilities that report G@missions to EPA through the CAMD
database.

2. Compiled a list of CAMD generating unit and facility codes.

3. Crossreferenced the CAMD units with the MD Emission Certification Reports.

4. Downloaded CAMD emissions data from EPA CAMD database from January 2014 through

December 204 for all facilities and units in Maryland

Compiled 207 CO, emissions data for RGGI units.

Compiled energy consumption (MMBTU) data from the ARP database for the CAMD

units.

7. Compared the CAMD emission estimates to the MD Emission Certification Report emission
estimates.

8. Reconciled any discrepancies.

oo

2.3.1.2 Greenhouse Gas Reporting Program (GHGRP) Sowes

The entire fossil fuel electric generation un

Environment al Protection Agencyods (EPA) Manda

verification focused primarily on direct emissions fromsibfiel usage for electric power

generation, a review of the procedures used to compile the emission estimates, a review of

estimated emissions for completeness and accuracy in calculations. Data in supporting spreadsheets
were also examined, includingnre e ws of combi ned emi ssions from
fuels.

For electric power plant units without Continuous Emissions Monitors (CEM), thegeel

methodology was used to review the emission estimates. Fossil fuel consumption data gnd facili
specific fuel heat content were compiled on a unit basis and used to estimate energy consumption in
MMBtu. EPA Mandatory Greenhouse Reporting ProgramCER parts 98, Subpart C default

Emission factorsvas used to estimate G@&missions.

MDE verified the reported emissions from the GHGRP sources through the following steps:

1. Compiled fossil fuel consumption data for all electric power generating units from the MDE
Emission Certification Reports.

2. Estimated energy consumption (BBTU) fraih generating units using facility specific heat
contents from the MDE Emission Certification Reports.

3. Applied EPA 40 CFR part 98, Subpart C default Emission factors to estimate emissions.
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4. Compared the emissions estimates to the emissions reported tthheuffpPA GHGRP.
5. Reconciled any discrepancies.

2.3.2 Additional Direct Emissions (CH4 and N,O)

2017 annual direct emissions of Gldnd NO from Maryland electric generating units were
compiled from the annual Emissions Certification Report submitted to MDEIRadiation
Administration Compliance Program.

2.3.3 Imported Electricity Indirect Emissions (CO,, CH,; and N,O)

Maryland is a net importer of electricity, meaning that the State consumes more electricity than is
produced in the State. For this analysis,asvassumed that all power generated in Maryland was
consumed in Maryland, and that remaining electricity demand was met by imported power. Sales
associated with imported power accounted f#&lof the electricity consumed in Maryland in

2017.' GHG emissias from power produced-state are dominated by coal use, followed by
emissions from oil use and natural gas use.

The electricity imported to meet the Maryl and
Interconnection, a regional transmission orgation (RTO) that coordinates the movement of
wholesale electricity in all or parts of Delaware, lllinois, Indiana, Kentucky, Maryland, Michigan,

New Jersey, North Carolina, Ohio, Pennsylvania, Tennessee, Virginia, West Virginia and the

District of Columba?

The fuel mix within the PJM region required to generate the electricity is presented in -llable 2

Table 21: PJM 2017Fuel Mix 2

FUEL TYPE PJM PERCENTAGE
Coal 32.20
Nuclear 35.90
Natural Gas 26.7

Oil 0.20
Hydroelectric 1.10

Solid Waste 0.50

Wind 2.60
Captured CH 0.30

The PJM website also provides the data to calculate,a@@i3sion rate in metric tons per
megawatthour for each fuel type. These calculated rates were used as the computed emission
factors per fuel type in the analysis. The PJM data is presented in Table 2

11n 2017, Total Maryland Retail Sales(gross) were 62,873,438 MWh, of which 28,769,198 (i.e., 46 %) were estimated
to befrom imports.
“http://www.pjm.com/aboupjm/who-we-are.aspx

3https://gats.pjrreis.com/myModule/rpt/myrpt.asp?r=243
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Table 22: PJM System Mixi Year 2017

(e{0)) CO,
# of Percentage Carbon Emission Emission
Year Fuel Certificates by Fuel Dioxide Total CQ Rate Rate
(metric
(MWh) (Ibs) (Ibs/MWh) tons/MWh)
2017  Biomass Other Biomass Liquids
Biomassi Other Biomass Gases 6,944 0.00® 0.006 385,777.78 55.5556 0.0252
2017 Captured MethaneCoal Mine Gas 174,422 0.0218 0.2534 202,745,572.48
2017 Captured MethaneLandfill Gas 2,434,489 0.3043 0.3383 270,649,894.41
2,608,911 0.3261 473,395,466.89 181.4533 0.0823
2017 Coal- Bituminous and Anthracite 218,197,895 27.2697 573.2461  458,681,585,558.1¢
2017 Coal- SubBituminous 28,312,580 3.5384 80.4875 64,402,237,812.2¢
2017 Coal- Waste/Other 11,298,702 14121 37.8107 30,253,652,837.01
257,809,177  32.2202 553,337,476,207 .4¢ 2,146.3064 0.9734
2017 Gas- Natural Gas 213,401,721 26.6702 239.4274  191,577,937,977.8C
2017 Gasi Other 314,490 0.0393 0.6546 523,829,908.40
2017 Gasi Propane 260 0.000 0.00009 0.000
213,716,471  26.7095 192,101,767,886.2( 898.8627 0.4076
2017 Hydroi Conventional 9,018,092 1.1271 0.00000 0.0
2017 Nuclear 287,461,082 35.926 0.00000 0.0
2017 Qil - Distillate Fuel Qil 152,409 0.019 0.3665 293,988,939.47
2017  Qil - Jet Fuel 2719 0.0000 0.000r 0.0
2017 OQil - Residual Fuel Oil 101142 0.0126 0.3179 255,182,871.43
2017 Qil 1 Petroleum Coke 1,042145 0.1302 3.6492 2,920,887,506.91
2017  Qil - Waste/Other Qil 13,666 0.0aL7 0.0026 2,090,094.12
1,309,633 01635 3,472,149,411.93 2,651.2385 12024
2017 Solar Photovoltaic 1,467,762 0.1834 0.0000 0.0
2017  Solid Waste Municipal Solid Waste 3,734,939 0.4668 11.0547 8,845,036,453.15
2017 Solid Wastd Tire Derived Fuel 1,239 0.0002 0.0043 2,663,850.00
3,736,178 0.467 8,847,700,303.15 2,368.1153 1.0740
2017 Wind 21,025,373 2.6277 0.00000 0.0
2017 Wood- Black Liquor 308,906 0.0386 0.1956 156,533,713.99
2017 Wood- Wood/Wood Waste Solids 1,453,764 0.1817 0.6161 492,935,608.37
1,762,670 0.203 649,469,322.36 368.4577 01671
Total 800,148,957 100.00 758,882,344.78 948.43 04301
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MDE compiled CQemission estimates from imported electricity by utilizing the following
methods andources of information:

1 Obtain the total electricity consumption for the State of Maryland from EIA Electricity Data
Browser database (SEDS)
1 Adjust the Total Retail Sales (Consumption) data to account for electricity transmission and
distribution loss (6.25%) to estimate the Gross State Electricity Consumption data;

= =4

Obtain the total gross electricity generated in the State of Maryland fraf El
Estimate the amount of imported electricity (MWh) in 2@¥ subtracting the Gross State

Electricity generated from the Gross State Electricity Consumption;

= =4 =4 -9

Download PJM electricity generation fuel nfix.

Apportion the amount of imported electricity fuel type using the PIM fuel mix;
Compute the C@emission factors per fuel type (tons/MWh) from the PJM Hata.
Estimate C@emissions.

Table 2-3: Electricity Imported to Maryland ( MWh)

Source of

2017 Data Data Source Web Address
Total Electric EIA
Consumption (MVh) - Electricity | http://www.eia.gov/state/seds/data.cfm?incfile=/state/sg
Retail Sales 59,175,000| Data ds/sep_fuel/html/fuel_use_es.html&sid=MD
MD -Electricity Losses
(MWh) (Transmission ang
Distribution) 6.25%| MEA
Total Electricity
Consumption (MVh) ¢
Gross Consumption 62,873,438 A*(1+B)
MD InState Gross
Electricity Generated
(MWh) 34,104,240, EIA SEDS| http://www.eia.gov/electricity/data/state/
Imported Electricity to
Meet MD Demand (MWh) 28,769,198 C¢D

1 http://www.eia.gov/state/seds/data.cfm?incfile=/state/seds/sep_fuel/html/fuel _use es.html&sid=MD

2 http://www.eia.gov/electricity/data/state/

3 https://gats.pjrreis.com/myModule/rpt/myrpt.asp?r=243

4 https://gats.pjrreis.com/myModule/rpt/myrpt.asp?r=227&TabName=System%20Mix%20By%20F uel
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Table 2-4: Electricity Imported to Maryland by Fuel Type, (MWH)

Natural . . Solid . Captured

Coal Nuclear Gas oil Hydro-electric Waste Wind cH Total
PJM Electricity
Generation Fuel Mix 32.2 35.9 26.7 0.2 11 0.5 2.6 0.3 100
2017 (%)
Maryland 20% Import
Share by Fuel Type 9,028,638 | 10,068,249| 7,484,635 | 45,956 315,806 130,862 | 736,975 91,351 28,015,764
(MWh)
Imported Electric CO
Emissions Factors 0.97 0.4 1.20 1.07 0.08
(tons/MWh)
Imported Electric CO | g 757 779 3,068,700 | 55,147 140,022 7,308 | 12,028,957
Emissions (metric tons)
Imported Electric CO
Emissions (MMTGD 11.45 3.07 0.06 0.14 0.01 12.028957

2.4 GREENHOUSE GAS INVENTORY RESULTS

The result of Maryland 20AGHG emissions from the electricity generating units is shown in Table
2-5 and 26. The annual GHG emission from units sharing a common stack, or units with multiple
fossil fuel combustion were disaggregated by apportioning the emissions to the re$pelctiyee

by the following equation:

(CO; Emission)y = (Heat Input)s X (ECMPS CQEmission)ynit
(Heat Input), + (Heat Inputg

Where (CQ Emissia), : Cumulative CQ Emission (e.g. units with both coal and oil
combustion)

(Heat Input): Heat Input of Fossil Fuel A (e.g. Coal)
(Heat Input)s: Heat Input of Fossil Fuel B (e.g. Natural Gas)
(ECMPS CQEmissions),i: Di r e c t, méasurementseith€ GEM or Calculated.

Heat input is calculated according to appendix D of 40 CFR part 75 or 40 CFRTAel8igh heat
values used in the GHG emissions disaggregation calculations for ehatn MMBtu were from
the facilityds specific heating values report
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Table 25: CO, Emissions from Electric Generating Unitsby Fuel Type.

Electric Power Sector GEmissions¢ ALL Units; 2017

CQ Emission CQ Emission CQ Emission CQ Emission
Fuel Type MMBTU -

(short tons) (metric tons) (MMTCQ) (MMTC)
Coal 115,817,330 10,103,714 9,165,927 9.17 2500
Distillate Fuel 1,836,609 159,907 145,065 0.15 0.040
Residual Fuel 220,827 3,515 3,18 0.00 0.001
Natural Gas | 445,980,278 3,182,741 2,887,332 2.89 0.787
Total 13,449,877 12,201,513 12.20 3.328

Table 2-6: Electric Power- GHG Emissions by Pollutanti 2017 Year

Emissions Emissions Emissions Emissions
Consumption CQ N,O CH Total
Fuel Type (Billion Btu) (MMTCQE) (MMTCQE) (MMTCQE) (MMTCQGE)
Coal 115,817.33 9.17 0.048685075 0.02021825 9.236634319
Distillate Fuel 1,836.61 0.15 0.00(B44233 0.008B66191 0.145775529
Residual Fuel 220.83 0.000 3.3886E05 1.3782E05 0.003236637
Natural Gas 445,980.28 2.89 0.004160328 0.001013507 2.892505349
12.2015 0.0532 0.0234 1227815
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The gross energy generated by source type is shown in Fidure 2

FIGURE 2-1: GROSSENERGY GENERATION BY ENERGY SOURCE (MW H)

Gross Energy Generation By Energy Sources 2017 (M
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The greenhouse gas emission generated by source type is shown in Fgure 2

FIGURE 2-2: EMISSIONS BY ELECTRIC GENERATING SOURCE SECTORS (MMTCO ;E)

GHG Emissions By Electricity Generation Sour

Electricity
Net Imported Production (instate)
Electricity 34%

33%

Natural Gas
0% 0% 8%
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The primary energy used to produce electricity consumed in Maryland is shown in FRjure 2

FIGURE 2-3: PRIMARY ENERGY USE AT MD POWER STATIONS, PLUS IMPORTS
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FIGURE 2-4: GROSSGENERATION AT MARYLAND POWER STATIONS, PLUS IMPORTS
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3.0 Residential, Commercial, and
Industrial (RCI) Fuel Combustion

3.1 OVERVIEW

This section describes the data sources, key assumptions, and the methodology used to develop an
inventory of greenhouse gas (GH&hissions for the year 20hssociated with residential,

commercial and industrial (RCI) sector fuel combustion in Marylavidryland GHG emissions

were estimated using the United States Enviro
Greenhouse Gas Inntory Tool (SIT) software and the methods provided in the Emission Inventory
Improvement Program (EIIP) guidance document for the skctdihe 207 GHG inventory for

the RCI sector was prepared using the SIT software with thesgtewdfic updated input data

imported to the tool.

This section addresses only RCI sector emissions associated with the direct use of energy sources
such as; natural gasetroleum, coal and wood, to provide space heating, water heating, process
heating, cooking and other energy ars®s. Emissions associated with RCI sector electricity
consumption are accounted for under the electric generation section. ActivitieRiGItkectors

produce carbon dioxide (GI) methane (Clj, and nitrous oxide (D) emissions.

Results are presented in units of carbon dioxide equivalentg{Cgdten in million metric tons
(MMTCOye), for each gas for comparative purposes following thdagee of the
Intergovernmental Panel on Climate Chahgewidely accepted procedure for greenhouse gas
analysis. Selected results for emissions in Maryland and a detailed description oftirev@6tory
are presented here.

3.2 DATA SOURCES

I Stateconsumpt on data derived from EI A6s State En
Expenditure Estimates (SED3)17:State Energy Data System (SEDS): 2Qdpdates by
energy sourcelConsumption Estimates (EIA 201 https://www.eia.gov/state/seds/seds
datacomplete.php?sid=US

1T Default state synthetic natural gas data o
Gas Annual (EIA 207), and Take 2 for Natural Gas Annual publications from 202017
http://www.eia.doe.gov/oil_gas/natural_gas/data_publications/natural_gas_annual/nga.htmi

1 In-state agencies, such as state energy commissions or public utility commissions

1 CO, emissions were calculated using SIT, with reference to Emission Inventory Improvement Program, Volume VIII:
Chapter 1, fAMeithgdGaflbon EBitdoxmade Emi ssions from Combust
2 CH, and NO emissions were calculated using SIT, with reference to Emission Inventory Improvement Program,

Vol ume VIII: Chapter 1, AMeEmodsi bos Esbomm&oimbgs€Caoboon
August 2004.

% Intergovernmental Panel on Climate Change
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https://www.eia.gov/state/seds/seds-data-complete.php?sid=US
https://www.eia.gov/state/seds/seds-data-complete.php?sid=US
http://www.eia.doe.gov/oil_gas/natural_gas/data_publications/natural_gas_annual/nga.html

1 US EPA State Greenhouse Gas Inventory Tool (SIT)
http://www.epa.gov/statelocalclimate/resouftsd.html

3.3 GREENHOUSE GAS INVENTORY METHODOLOGY

Maryland base year (2006) and periogiar(2017) GHG emissions from the RCI sector were
estimated using the United States Environment
Gas Inventory Tool (1) and the methods provided in the Emission Inventory Improvement

Program (EIIP) guidance document for the settor.

Several key variables are necessary for estimatinge@@ssions for fossil fuel combustion from

the State Greenhouse Gas Inventory Tool (SIT). These variables include consumption by fuel type
and sector, combustion efficiencies, carbon contents, andmangy use storage factors. Default

data is providedvithin the SIT program and Maryland selected the default data for the emission
estimates. Information for combustion efficiencies, carbon contents, areheogy use storage

factors are discussed individually below.

Energy Consumption by Fuel Type and 8ctor
Energy consumption data for Maryl and was <col |
Price, and Expenditure Estimates (SEDS) ElAng 28, 201Release)?

Combustion Efficiencies

Combustion efficiency is defined as thercent carbon oxidized by the fuel type. This percent is
applied if the carbon is not completely oxidized during the combustion of fossil fuels. The fraction
oxidized was assumed to be 100 percent for petroleum, coal, and natural gas based on guidance
from IPCC (2006).

Carbon Contents

Another data type required is the carbon content data. The carbon content coefficients used in the
SI'T modul e ar [ElectficrPowar AnruaEIA E2008a). sCarbon content represents the
maximum amount of carbon éed per unit of energy released, assuming 100 percent combustion
efficiency. Coal has the highest carbon content of the major fuel types, petroleum has roughly 75
percent of carbon per energy as compared to coal, and natural gas has about 55 pereeet, How
carbon contents also vary within the major fuel types, as noted below:

1 Carbon emissions per ton of coal vary considerably depending on the coal's composition of
carbon, hydrogen, sulfur, ash, oxygen, and nitrogen. While variability of carbosi@msis
on a mass basis can be considerable, carbon emissions per unit of energy (e.g., per Btu) vary

less.
'Emission Il nventory | mprovement Program, Volume VIII:
Emi ssions from Combus tt2004rii) Enfissidh tngestary ImpFoueenéns Ryograndy Vojumes
VIill: Chapter. 2. fAMethods for Estimating Methane and |

2004.

2EIA SEDS data are available attps://www.eia.gov/state/seds/settsa-complete.php?sid=MD
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1 The carbon/energy ratio of different petroleum fractions generally correlates with API
(American Petroleum Institute) gravity (Marland and Rotty 198#ighter fractions (e.g.,
gasoline) usually have less carbon per unit energy than heavier fractions (e.g., residual fuel
oil).

1 Natural gas is a mixture of several gases, and the carbon content depends on the relative
proportions of methane, ethane, mop, other hydrocarbons, g@nd other gases, which
vary from one gas production site to another.

The carbon contents of fuels used in the720driodic GHG emissions inventory are listed in Table
3-1 below.

Table 3-1: Carbon Content of Fuels

2017 Carbon Content
Fuel (Ib C/MBTU)
Asphalt and Road Oil 45.27
Aviation Gasoline 41.57
Distillate Fuel 44 .47
Jet Fuel, Kerosene 4343
Jet Fuel, Naphtha 4351
Kerosene 43.97
LPG (industrial) 37.28
LPG (energy only) 37.11
Lubricants 44.53
Motor Gasoline 42.90
Residual Fuel 45.15
Misc. Petro Products 44.42
Feedstocks, Naphtha 40.86
Feedstocks, Other Oils 43.43
Pentanes Plus 40.06
Petroleum Coke 61.34
Still Gas 40.08
Special Naphthas 43.47
Unfinished Oils 44.77
Waxes 43.60

Y variations in petroleum are most often expressed in terms of specific gravity at 15 degrees Celsius. The API gravity,
where API gravity = 141.5/specific gravityl31.5, is an indication of the molecular size, carbon/hydrogen ratio, and
hence carbon coait of a crude oil.
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2017 Carbon Content
Fuel (Ib C/MBTU)
Residential Coal 56.79
Commercial Coal 56.79
Industrial Coking Coal 56.20
Industrial Other Coal 56.85
Electric Power Coal 55.80
Natural Gas 3190
Aviation Gasoline Blending Componentg 41.56
Motor Gasoline Blending Components 42.90
Crude Oll 44.77

Non-Energy UseStorage Factors

The final type of data needed in the worksheet is the percent of carbon in each fuel that is stored
from nonenergy uses. Many fossil fuels have potentialeonergy uses. For example, LPG is used
for production of solvents and synthetibber; oil is used to produce asphalt, naphtha, and
lubricants, and coal is used to produce coke, yielding crude light oil and crude taprasibsts

that are used in the chemical industry.

However, not all norfenergy uses of fossil fuels result inlwan storage. For example, the carbon
from natural gas used in ammonia production is oxidized quickly. Many products from the
chemical and refining industries are burned or decompose within a few years, and the carbon in
coke is oxidized when the coke isad. The SIT module provides national default values for storage
factors. The national defaults were used as Marylandstagefractions and are presented below:
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Table 3-2: Non-Energy Use Storage Factors

2017 Storage
Fuel Factor Used
Asphalt androad Oil 100%
Distillate Fuel 50%
LPG 62%
Lubricants 9%
Residual Fuel 50%
Feedstocks, Naphtha 62%
Feedstocks, Other Qils 62%
Misc. Petro Products 0%
Pentanes Plus 62%
Petroleum Coke 30%
Still Gas 80%
Special Naphthas 0%
Waxes 58%
IndustrialCoking Coal 10%
Natural Gas 62%

3.3.1 Carbon Dioxide (CO,) Direct Emissions

CO, emissions for fossil fuel combustion in the residential and commercial sectors were calculated
by multiplying energy consumption in these sectors by carbon content coeffiemrach fuel.

These quantities are then multiplied by fapkcific percentages of carbon oxidized during
combustion (a measure of combustion efficiency). The resulting fuel emission values, in pounds of
carbon, are then converted to MMT&O

Industrial £ctor CQ emissions are calculated in the same way, except emissions from fossil fuels
not used for energy production are factored separdteiccordance with the EIIP guidelinesna

energy sector consumption of fossil fuel is first subtracted froat toels, and then multiplied by

carbon storage factors for each fuel type. This is necessary because a portion of the fossil fuel is
used for norenergy uses and can be sequestered (stored) for a significant period of time (e.g., more
than 20 years). Faxample, LPG is used for the production of solvents and synthetic rubber, and
oil is used to produce asphalt, napthas, and lubricants. The carbon that is stored is assumed to
remain unoxidized for long periods of time, meaning that the carbon is not mmht@ICQ. After

the portion of stored carbon is subtracted, the resulting (net) combustible consumption for each fuel
is then used to calculate industrial sector emissions.
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3.3.1.1 Residential Fossil Fuel Combustion

Emissions associated with the residentaisil fuel combustion sector was estimated using default
data used in SIT from the United States Department of Energy (US DOE) Energy Information
Admi ni st r aState&Enefyg Data BSEBcpntaining annual amount of coal, oil, natural
gas and othefuel types in Billion Btu consumed by each sector.

The general equation used for converting residential energy consumption to MEITE@s
follows:

Consumption Emission Combustion
Emissions (BBtuF)) X  Factor X 00005 X Efficiency X 090718474 X (44/12)
(MMTCGE) (Ibs C/BBtu) %)
1,000,000

Where:
Consumption (BBtu)
Emission Factor

total heat content of the applicable fuel consumed

established factor per fuel type that converts total heat content
of the fuel consumed to pounds of carbon

percentage completeness of the combustion of the fuel.

Combustion Efficiency (%)

0.90718474 = constant used to convert from short tons to metric tons.
0.0005 = constant used to convert from pounds to short tons.
1,000,000 = conversion factor convertsietric tons to Million metric tons
44/12 = conversion factor converts from carbon to carbon dioxide

3.3.1.2 Commercial Fossil Fuel Combustion

Emissions associated with the commercial fossil fuel combustion sector was estimated using default
data used in SIT fra the United States Department of Energy (US DOE) Energy Information

Admi ni st r aState&EnefgpData BSEECpntaining annual amount of coal, oil, natural

gas and other fuel types in Billion Btu consumed by each sector.

The general equationsed for converting commercial energy consumption to MMFCQ as
follows:

Consumption Emission Combustion
Emissions (BBtuF; X Factor X 0.0005 X Efficiency X 0.90718474 X (44/12)
(MMTCGE) (Ibs C/BBtu) (%)
1,000,000

Where:
Consumption (BBtu)
Emission Factor

total heat content of the applicable fuel consumed

established factor per fuel type that converts total heat content
of the fuel consumed to pounds of carbon

percentage completeness of the combustion of thelfu

constant used to convert from short tons to metric tons.
constant used to convert from pounds to short tons.

Combustion Efficiency (%)
0.90718474
0.0005

! Energy Information Administration (EIA), State Energy Data,
https://www.eia.gov/state/seds/satitacomplete.php?sid=US
2 Energy Information Administration (EIA), State Energy Data,
https://www.eia.gov/state/seds/satitacompkte.php?sid=US
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1,000,000
44112

conversion factor converts metric tons to Million metric tons
conversion factor converts from daon to carbon dioxide

3.3.1.3 Industrial Fossil Fuel Combustion

Emissions associated with the industrial fossil fuel combustion sector was estimated using default
data used in SIT from the United States Department of Energy (US DOE) Energy Information
Administ at i o n State EndEdy Bata (SEB)containing annual amount of coal, oil, natural

gas and other fuel types in Billion Btu consumed by each sector.

The general equations used for converting industrial energy consumption to MMTELE as
follows:

Net Consumption

(BBtu) = [ Total Consumption (BBtu) - Non-Energy Consumption (BBju) X Storage Factor (%
Net Emission Combustion
Emissions Consumption X  Factor X 0.0005 X Efficiency X 0.90718474 X (44/12)
(MMTCQE) ~ (BBtu) (Ibs C/BBtu) (%)
1,000,000
Where:

Total Consumption (BBtu)
Non-Energy Consumption (BBtu)
Storage Factor (%)

Net Consumption (BBtu)
Emission Factor

total heat content of the applicable fuel consumed

Non-energy use of the fuel type

Nonenergy use storage factor

total heat content of theapplicable fuel consumed

established factor per fuel type that converts total heat content of
the fuel consumed to pounds of carbon

percentage completeness of the combustion of the fuel.

Combustion Efficiency (%)

0.90718474 =  constantused to convert from short tons to metric tons.
0.0005 =  constant used to convert from pounds to short tons.
1,000,000 = conversion factor converts metric tons to Million metric tons
44/12 = conversion factor converts from carbon to carbon dioxide

Emission estimates from wood combustion include on¥® ldnd CH. Carbon dioxide emissions

from biomass combustion are assumed to be fine
Intergovernmental Panel on Climate Change (IPCC) methodologies, and any net éobsif ¢

stocks due to biomass fuel use should be accounted for in the land use and forestry analysis.

! Energy Information Administration (EIA), State Energy Data,
https://www.eia.gov/state/seds/satitacomplete.php?sid=US
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3.3.2 Additional Direct Emissions (CH; and N,O)

CH, and N,O Emissions from RCI

Similar to CQ emission estimation, CHand NO emissions from the RGkctor were calculated

by

mul tiplying

t he

St at eds

(GWP) of the respective pollutants. (€21, NO =310).

ener §gSiT emissiossu mpt i on
factors and the resulting emission in metric tons was then multiply by the global warming potential

Table 3-3: General CHy/N,O Emissions Equation.

Fuel Tvpe Consumption Emission Factor CH, /N,O Emissions GWP Emissions
yp (Billion Btu) (metric tons CHI/BBtu) (metric tons) (MMTCQE)
3.4 GREENHOUSE GAS INVENTORY RESULTS
3.4.1 Residential Fossil Fuel Combustion Results
Table 3-4: 2017 Residential Sector CQEmissions by Fuel Type
Emissions
Consumption Emission Factor Combustion (short tons Emissions
Fuel Type (Billion Btu) (Ibs C/Million Btu) | Efficiency (%) carbon) (MMTCQE)
Coal 0 56.79 100.0% 0.0 0.0000
Distillate Fuel 10,426 44.47 100.0% 231,822.11 0.771337920
Kerosene 149 44.01 100.0% 3,278.75 0.010909315
LPG 6,277 37.11 100.0% 116,470.62 0.387530808
Natural Gas 79,376 3190 100.0% 1,266,047.20 4212498170
Total 5.382276213
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Table 3-5: 2017 Residential Sector CHEmissions by Fuel Type

Emission Factor

Consumption (metric tons CH Emissions GWP Emissions

Fuel Type (Billion Btu) /BBtu) (metric tons Ch) (MMTCQE)
Coal 0 0.30069 0.000 21 0.0000
Distillate Fuel 10,426 0.01002 104.50 21 0.0@2
Kerosene 149 0.01002 1.49 21 0.00
LPG 6,277 0.01002 62.92 21 0.0013
Natural Gas 79,376 0.00475 376.86 21 0.0079
Wood 4,790 0.28487 1,364.50 21 0.0287
Total 0.0401

Table 3-6: 2017 Residential Sector NO Emissions by Fuel Type
Emission Factor

Consumption (metric tons Emissions Emissions

Fuel Type (Billion Btu) N,O/BBtu) (metric tons NO) GWP MMTCQE)
Coal 0 0.00150 0.0000 310 0.0000
Distillate Fuel 10,426 0.00060 6.27 310 0.0019
Kerosene 149 0.00060 0.0896 310 0.00
LPG 6,277 0.00060 3.7749 310 0.0012
Natural Gas 79,376 0.00009 7.5372 310 0.00
Wood 4,790 0.00380 18.1934 310 0.0056
Total 0.0111
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3.4.2 Commercial Fossil Fuel Combustion Results

Table 37: 2017 Commercial Sector CQ Emissions by Fuel Type

Emissions
Consumption Emission Factor Combustion (short tons Emissions
Fuel Type (Billion Btu) (Ibs C/Million Btu) Efficiency (%) carbon) (MMTCQE)
Coal 0 56.79 100.0% 0.00 0.0000
Distillate Fuel 5,563 44.47 100.0% 123,693.31 04116
Kerosene 47 44.01 100.0% 1,034.24 0.00834
LPG 3,078 37.11 100.0% 57,112.73 0.1900
Motor Gasoline 8,686 42.90 100.0% 186,317.92 0.6199
Residual Fuel 33 45.11 100.0% 744.32 0.05
Natural Gas 75,700 3190 100.0% 1,207415.00 40174
Total 5.2449
Table 3-8: 2017 Commercial Sector CH,Emissions by Fuel Type
Consumption Emission Factor Emissions Emissions
Fuel Type (Billion Btu) (metric tons CH/BBtu) (metric tons Chj) GWP (MMTCQE)
Coal 0 0.01002 0.00 21 0.00000
Distillate Fuel 5,563 0.01002 55.76 21 0.0011709
Kerosene 47 0.01002 047 21 9.89&06
LPG 3,078 0.01002 30.85 21 0.00647869
Motor Gasoline 8,686 0.01002 87.06 21 0.001828269
Residual Fuel 33 0.01002 0.33 21 6.945% 06
Natural Gas 75,700 0.00475 35940 21 0.00754'5
Wood 1,301 0.28487 370.61 21 0.0077877
Total 0.01899
Table 39: 2017 Commercial Sector NO Emissions by Fuel Type
Consumption Emission Factor Emissions GWP Emissions
Fuel Type (Billion Btu) (metric tons NO/BBtu) (metric tons NO) (MMTCQE)
Coal 0 0.00150 0.00 310 0.00@
Distillate Fuel 5,563 0.00060 3.345 310 0.0010
Kerosene 47 0.00060 0.028 310 0.0000
LPG 3,078 0.00060 1.851 310 0.0006
Motor Gasoline 8,686 0.00060 5.224 310 0.0016
Residual Fuel 33 0.00060 0.020 310 0.0000
Natural Gas 75,700 0.00009 7.188 310 0.002
Wood 1,301 0.00380 4.941 310 0.0015
Total 0.0070
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3.4.3 Industrial Fossil Fuel Combustion Results

Table 310: 20T Industrial Sector CO,Emissions by Fuel Type

Net Emission
Fuel Type Total Non-Energy Storage combustible Factor Combustion Emissions
Consumption | Consumption Factor Consumption | (Ibs C/Million Efficiency (short tons Emissions
(Billion Btu) (Billion Btu) (%) (Billion Btu) Btu) (%) carbon) (MMTCQE)

Coking Coal 0.0 0 10% 0 56.20 100.0% 0.00 0.00
Other Coal 12,275 201 0% 12,275 56.85 100.0% 348,933.61 1.1610
Asphalt and Road
Oil 16,869 16,869 100% 0 4531 100.0% 0.00 0.00
Aviation Gasoline
Blending
Components 0 0 0% 0 41.57 100.0% 0.00 0.00
Crude Oil 0 0 0% 0 44.77 100.0% 0.00 0.00
Distillate Fuel 5,309 32 50% 5,293 44.47 100.0% 117,691.51 0.3916
Feedstocks,
Naphtha less than
401 F 0.0 0 62% 0 40.86 100.0% 0.00 0.00
Feedstocks, Other
Oils greater than
401 F 0.0 0 62% 0 44.43 100.0% 0.00 0.00
Kerosene 7 7 0% 7 43.97 100.0% 153.90 0.0005
LPG 1,486 1,224 62% 728 3711 100.0% 13,508.67 0.0449
Lubricants 946 946 9% 859 44.53 100.0% 18,687.33 0.0622
Motor Gasoline 2,865 2,865 0% 2,865 42.90 100.0% 61,455.31 0.2045
Motor Gasoline
Blending
Components 0 0 0% 0 42.90 100.0% 0.00 0.00
Misc. Petro
Products 293 293 0% 293 44.77 100.0% 6,559.34 0.0218
Petroleum Coke 0 0 30% 0 61.34 100.0% 0.00 0.00
Pentanes Plus 0.0 0 62% 0 42.06 100.0% 0.00 0.00
Residual Fuel 91 91 50% 46 45.15 100.0% 1,027.16 0.0034
Still Gas 0 0 80% 0 4011 100.0% 0.00 0.00
Special Naphtha 2,795 2,649 0% 2,795 4351 100.0% 60,805.23 0.2023
Unfinished Oils 0 0 0% 0 44.77 100.0% 0.00 0.00
Waxes 100 100 58% 42 43.64 100.0% 916.44 0.00
Natural Gas 16,489 512 62% 16,172 3190 100.0% 257,945.39 0.8583

Total 887,683.90 2.9536
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Table 3-11: 2017 Industrial Sector CH,Emissions by Fuel Type

Total Non-Energy Emission Factor Emissions
Consumption | Consumption (metric tons CH (metric tons Emissions
Fuel Type (Billion Btu) (Billion Btu) /BBtu) CH) GWP (MMTCQE)
Coking Coal 0.0 0.0 0.01002 0.0 21 0.0
Other Coal 12,275 201 0.01002 121.017 21 0.0@5
Asphalt and Road Oil 16,869 16,869 0.00301 0.0 21 0.00
Aviation Gasoline Blending
Components 0.0 0.0 0.00301 0.0 21 0.00
Crude Oil 0.0 0.0 0.00301 0.0 21 0.00
Distillate Fuel 5,309 32 0.00301 15.87 21 0.00B
Feedstocks, Naphtha less
than 401 F 0.0 0.0 0.00301 0.00 21 0.00
Feedstocks, Other Oils
greater than 401 F 0.0 0.0 0.00301 0.00 21 0.00
Kerosene 7 7 0.00301 0.00 21 0.00
LPG 1,486 1,224 0.00301 0.7874 21 0.0000
Lubricants 946 946 0.00301 0.0 21 0.00
Motor Gasoline 2,865 2,865 0.00301 0.0 21 0.000
Motor Gasoline Blending
Components 0.0 0 0.00301 0.0 21 0.00
Misc. Petro Products 293 293 0.00301 0.0 21 0.0000
Petroleum Coke 0.0 0 0.00301 0.0 21 0.00
Pentanes Plus 0.0 0 0.00301 0.0 21 0.00
Residual Fuel 91 91 0.00301 0.0 21 0.0000
Still Gas 0 0 0.00301 0.0 21 0.00
Special Naphthas 2,795 2,649 0.00301 0.4397 21 0.000
Unfinished Oils 0.0 0 0.00301 0.0 21 0.00
Waxes 100 100 0.00301 0.00 21 0.0000
Natural Gas 16,489 512 0.00095 15.17 21 0.0003
Wood 6,971 NA 0.02849 198.58 21 0.002
Total 0.0074
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Table 3-12: 2017 Industrial Sector N,O Emissions by Fuel Type

Total NonEnergy | Emission Factor] Emissions
Consumption| Consumption| (metric tons (metric tons Emissions
Fuel Type (Billion Btu) | (Billion Btu) N,O/BBtu) N,O) GWP (MMTCQE)
Coking Coal 0.0 0.0 0.00150 0.00 310 0.00
Other Coal 12,275 201 0.00150 18.15 310 0.0066
Asphalt and Road Oll 16,869 16,869 0.00060 0.00 310 0.00
Aviation Gasoline
Blending Components 0.0 0 0.00060 0.00 310 0.00
Crude Oill 0.0 0 0.00060 0.00 310 0.00
Distillate Fuel 5,309 32 0.00060 3.17 310 0.0010
Feedstocks, Naphtha les|
than 401 F 0 0 0.00060 0.00 310 0.00
Feedstocks, Other Oils
greater than 401 F 0 0 0.00060 0.00 310 0.00
Kerosene 7 7 0.00060 0.00 310 0.000
LPG 1,486 1,224 0.00060 0.16 310 0.000
Lubricants 946 946 0.00060 0.00 310 0.00
Motor Gasoline 2,865 2,865 0.00060 0.00 310 0.000
Motor Gasoline Blending
Components 0 0 0.00060 0.00 310 0.00
Misc. Petro Products 293 293 0.00060 0.00 310 0.00®
Petroleum Coke 0 0 0.00060 0.00 310 0.00
Pentanes Plus 0 0 0.00060 0.00 310 0.00
Residual Fuel 91 91 0.00060 0.00 310 0.00
Still Gas 0 0 0.00060 0.00 310 0.00
Special Naphthas 2,795 2,649 0.00060 0.09 310 0.000
Unfinished Oils 0 0 0.00060 0.00 310 0.00
Waxes 100 100 0.00060 0.00 310 0.000
Natural Gas 16,489 512 0.00009 152 310 0.006
Wood 6,971 NA 0.00380 26.48 310 0.0082
Total 0.0154
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4.0 Transportation On -Road Mobile
Energy Use

41 OVERVIEW

The purpose of thisectionis to explain how Maryland estimates emissions from highway vehicles
for inclusion in its emission inventories and State Implementation Plans (SIP).

In accordance with the standard methodology for theldereent of highway vehicle emissions
inventories, all of the emissions estimates documented herein are based on emission factors
developed using the United States Environmental Protection Agency's (U.S. EPA's) latest version of
the MOVES emissions factoradel and appropriate activity levels i.xeehicle miles traveled

(VMT) estimates developed from the vehicle count data maintained by the State Highway
Administration (SHA) of the Maryland Department of Transportation (MDOT).

The official highway vehiclénventory for the Maryland portion of the Washington, D.C. Ozone
Non-attainment Area (comprising the counties of Calvert, Charles, Frederick, Montgomery, and
Prince George's) has been developed by the Metropolitan Washington Council of Governments
(MWCOG)and has been documented by that Organization under separate cover.

4.1.1 Highway Vehicle Emissions Inventory

The operation of highway vehicles has proven to be a significant contributor to air pollution,
particularly to groundevel ozone, as they emit bottolatile OrganicCompounds (VOCs), and

Oxides ofNitrogen (NOx) during operation. Growhelvel ozone is not created directly rather, it is
formed through a chemical reaction between VOCs and NOX in the presence of sunlight. Highway
vehicles also emit otheoputants such as Carbon Monoxide (CEgrticulateMatter smaller than

2.5 microns (PM2.5), Particulate Matter smaller than 10 microns (PI8a®)r Dioxide (SQ),

and Ammonia (NH) in addition to the greenhouse gases such as Carbon Dioxide, Methane, and
Nitrous Oxide.

This inventory includes all the pollutants mentioned above, in summer daily and yearly time
periods, appropriately.

Estimating the emission rate and activity levels of all vehicles on the road during a typical day is a
complicated endeaw. If every vehicle emitted the same amount of pollution all the time, one could
simply multiply those emission standards (emission rate in grams of pollution per mile) times the
number of miles driven (activity level) to estimate total emissions. Theésfétat emission rates

from all vehicles vary over the entire range of conditions under which they operate. These variables
include ambient air temperature, speed, traffic conditions, road types, road topography, operating
mode (whether started cold daded hot, whether accelerating or decelerating) and fuel. The
inventory must also account for nremhaust or evaporative emissions. In addition, the fleet is
composed of several generations, types of vehicles and their emission control technologads, each
which performs differently. This requires that the composition of the fleet (vehicle ages and types)
must also be included in the estimation algorithm.
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In order to estimate both the rate at which emissions are being generated and to calculate vehicle
miles traveled (VMT), Maryland examines its road network and fleet to estimate vehicle activity.
For ozonerelated inventories, this is done for a typical summer weekday ih E0t the annual
inventories, this is done for each of the twelve montt#0itY and aggregated for the entire year.

The entire process is extremely complex and involves large amounts of various data sets.

Computer models have been developed to perform these calculations by simulating the travel of
vehicl es on tsystemSThese racdeds therogangrateemission rates (or emission
factors) for different vehicle types for arspecific conditions and then combine them in summary
form. Tahpeediafrie@a conditionso include fnlaedet char
vehicle age distribution, roadway and travel characteristics, meteorology, control programs in place,
mandated fuel requirements, etc.

4.1.2 Periodic Inventory Methodology:

Guidance documents from EPA were used to develop the highway emissionernvéaifitey
include:

Policy Guidance on the Use of MOVERB4and Subsequent Minor Revisions for SIP Development,
Transportation Conformityand Other Purposes&)S EPA Office of Air and Radiation, EP420-B-
12-010, April 2012.

Using MOVES to prepare Emsisn Inventories in State Implementation Plans and Transportation
Conformity: Technical Guidance for MOVESL4 and MOVE3014. US EPA Office of Air and
Radiation, and Office of Transportation and Air Quality, E#20-B-12-028, April 2012.

Motor Vehicle Enssion Simulator, User Guide for WES014a, EPA-420-B-10-036, August
2014andUser Guide for MOUESR01%, EPA-420-B-12-001b June 2012

The methodologies used to produce the emission data conform to the recommendations provided in
EPAOGs t ec hniAmiaoflogaldatadaachnatienal default (internal to MOVESE)data

has been used for this submission. As illustrated in Figure 4.1, local data has been used for the
primary data items that have a significant impact on emissions. Local data infhétstalysis

process reflect the latest available planning assumptions using data obtained from the Maryland
Department of Environment (MDE), Motor Vehicle Administration (MVA), Maryland State

Highway Administration (SHA), Baltimore Metropolitan Cound®MC), Metropolitan

Washington Council of Governments (MWCOG) and other local/national sources.
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FIGURE 4-1: LocAL DATA INPUTS USED FOREMISSIONS | NVENTORY

VIVIT
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and Fuel Data
{MDE}
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{SHA)

Seasonal / Vehicle
Hourly Factors Population and
{SHA) Age (MVA)

The analysis methodology is consistent with past statew@atory efforts including the 201

National Emissions Inventory (NEI) submission. This includes the use of statewide traffic roadway
data and custom peptocessing software (PPSUITE) to calculate hourly speeds and prepare key
traffic input files to theMOVES2014 emission model. PPSUITE consists of a set of programs that
perform the following functions:

1 Analyzes highway operating conditions.

{ Calculates highway speeds.

1 Compiles vehicle miles of travel (VMT) and vehicle type mix data.
1 Prepares MOVES ns and processes MOVES outputs.

PPSUITE is a widely used and accepted tool for estimating speeds and processing emissions rates.
It is has been used for past SIP highway inventories in Maryland, Pennsylvania, and New Jersey.
The software is based upomcapted transportation engineering methodologies. For example,
PPSUITE utilizes speed and delay estimation procedures based on planning methods provided in
the Highway Capacity Manual, a report prepared by the Transportation Research Board (TRB)
summarizing current knowledge and analysis techniques for capacity andolesetvice analyses

of the transportation system.

The PPSUITE process is integral to producing key input files to the MOVES emission model.
Figure4.2 summarizes the key functions of BRE and the traffierelated input files prepared for
MOVES.
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FIGURE 4-2: EMISSION CALCULATION PROCESS
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4.2 DATA SOURCES

A large number of inputs to MOVES are needed to fully account for the numerous vehicle and
environmental pameters that affect emissions levels. These include traffic flow characteristics,
vehicle descriptions, fuel parameters, inspection/maintenance program parameters, and
environmental variables as shown in Figure 4.3.

MD 20T Periodic GHG Inventory Documentation Page| 44



FIGURE 4-3: EXAMPLES OF KEY MOVES INPUT DATA

Traffic Vehicle Fuel Inspection
Environmental
Data Descriptions Parameters Maintenance
Variables
Vehicle Type Start Year Hourly
VMT Mix RVP Frequency Temperatures
Vehicle Vehicle Age Test Standards
Population Distribution Sulfur Levels Source Types Humidity
VMT Average Ethanol Stringency
Fractions Speeds Volume Waiver Rate
Compliance
Road Type Hourly Refueling
Distribution Distributions Controls
Ramp
Fractions

Emission Rates

MOVES includes a default national database of meteorology, vehicle fleet, vehicle activity, fuel,
and emission control program data for every countyHRA cannot certify that the default data is
the most current or best availablearrhation for any specific area. As a result, local data is
recommended for use for analyses SIPs.

A mix of local and default data is used for this inventory. Local data sources are used for all inputs
that have a significant impact on calculated eroissates. These data items are discussed in the
following sections.
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Roadway Data:

The roadway data input to emissions calculations for this inventory is based on information from
the Auniversal o highway database maintained b
from periodic visual and electronic traffic counts. The SHAdatdynamic, since it is continually
reviewed and updated from new traffic counts. Information on roadways included in the National
Highway System is reviewed at least annually, while information on other roadways is reviewed at
least biennially.

Onat ri enni al basi s, a current fAsnapshoto of th
anuptodate record of the statebdbs highway syste
inventory is based on 20ldat a whi ch i s t he fitbesSHA datar rTaen t A
following information is extracted from the database for emission calculations:

1 Lanes and distances

1 volumes representing Average Annual Daily Traffic (AADT)

1 truck percentages and urban/rural classifications

9 functional class codes

The volumes and distances are used in calculating highway VMT totals for each county. As
discussed in the next section, adjustments are needed to convert the volumes to an average summel
weekday . The lane values, area type, and functional class are inpaptats for determining the
congestion and speeds for individual highway segments. Truck percentages are used in the speed
determination process and are used to split volumes to individual vehicle types used by the MOVES
software.

Maryland classifies its road segments by function, as well as whether it is located in an urban or
rural area, as indicated below in Figure 4.4. The urban/rural (UR) and functional classese(FC) a
important indicators of the type and function of each roadway segment. These values are also used
to determine the MOVES Road Type classification that has an important impact on the emission
factors for each roadway segment. Equivalencies betweesHide and MOVES indices are
discussed in later sections.

FIGURE 4-4: MDOT URBAN/RURAL AND FUNCTIONAL CLASS CODES

Urban/Rural Code 1=Rural

2=Small Urban
3=Urban

Functional Class  Rural Functional Classes Used UrbanFunctional Classes Used
For Rural Areas For Urban Areas
1=Rural Freeway 11=Urban Freeway
2=Rural Other Principal Arterial 12=Urban Expressway
6=Rural Mina Arterial 14=Urban Principal Arterial
7=Rural Major Collector 16=Urban Minor Arterial
8=Rural Minor Collector 17=Urban Collector
9=Rural Local 19=Urban Local
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The PPSUITE processing software allows for many additional variables othethtbsen available

in the SHA database. Using these variables improves the calculation of congested speeds. Such
variables include information regarding frié@w speeds and capacities and other physical roadway
features (e.g. traffic signals) thatcanafie a r oadwayds calculated co
be determined from | ookup tables based on a |
class. Much of the lookup table data was developed from information contained in the Highway
Capacity Manual.

4.2.1 Other Supporting Traffic Data:

Other traffic data is used to adjust and disaggregate traffic volumes. Key sources used in these
processes include the following:

HPMS VMT According to EPA guidance, baseline inventory VMT computed from the SHA
highway segment volumes must be adjusted to be consistent with HPMS VMT totals. Although it
has some limitations, the HPMS system is currently in use in all 50 states and is being improved
under FHWA direction. Adjustment factors are calculated which adjgsbase year 201SHA
download VMT to be consistent with the reported 26{PMS totals for that year. These factors

are applied to all county, urban/rural code, and facility group combinations within the region.
These adjustments are important for aoting for missing local roadway VMT that is not
contained within or represented by the statsed roadway system.

Seasonal FactorsThe SHA contains AADT volumes that are an average of all days in the year,
including weekends and holidays. An ozonassion analysis, however, is based on a typical July

or summer weekday. Therefore, the SHA volumes must be seasonally adjusted. The seasonal
factors were developed based on the72@portATR Station Reports in the Traffic Trends System
Report Modulefrom the SHA website. These factors are applied to the existing SHA AADT to
produce July weekday volumes. The same factors are also used to develop the MOVES daily and
monthly VMT fraction files.

Hourly Patterns Speeds and emissions vary considerdelyending on the time of day. Therefore,

it is important to estimate the pattern by which roadway volume varies by hour of the day. Pattern
data is in the form of a percentage of the daily volumes for each hour. Distributions are provided
for all the cainties within the region and by each facility type grouping. This data was developed
from 2017 24-hour count data obtained from the SHA website. The same factors are also used to
develop the MOVES hourly fraction file.
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4.2.2 Vehicle Class Data:

Emissionrates within MOVES vary significantly by the type of vehicle. The MOVES model
produces emissions and rates by thirteen MOVES vehicle source types. However, VMT is input to
MOVES by six HPMS vehicle groups. Figure 4.5 summarizes the distinction betwebn e
classification scheme.

Figure 45: MOVES Source Types and HPMS Vehicle Groups

SOURCE TYPES HPMS Class Groups

11 Motorcycle 10 Motorcycle

21 Passenger Car 20 Passenger Car

31 Passenger Truck 30 Passengr/Light Truck
32 Light Commercial Truck 40 Buses

41 Intercity Bus 50 Single Unit Trucks
42 Transit Bus 60 Combination Trucks
43 School bus

51 Refuse Truck

52 Single Unit Shorhaul Truck

53 Single Unit Longhaul Truck

54 Motor Home

61 Combination Shorhaul Truck

62 Combination Longhaul Truck

For this regional inventory, vehicle type pattern data was developed for each county and functional
class combination based on SHA classification counts and internal MOBILE6.2 and MOVES
defaults. As the first step, SHA count data was used to develop percentage splits to the following
four vehicle groups:

1 Autos

1 Heavy trucks

1 Motorcycles

1 Buses

Following procedures used for previous SIP efforts, the vehicle groups were expanded to the 28
MOBILEG6.2 weightbased vehicle types. Using procedures provided in EPA technical guidance,
the MOBILEG.2 vehicle classes were mapped to the MOVES source type and HPMS class groups.

The vehicle type percentages are also provided to the capacity anagtmnsof PPSUITE to

adjust the speeds in response to trucks. That is, a given number of larger trucks take up more
roadway space than a given number of cars, and this is accounted for in the speed estimation
process by adjusting capacity using informatitom the Highway Capacity Manual.

4.2.3 Vehicle Ages:
Vehicle age distributions are input to MOVES for each county by the thirteen source types. The

distributions reflect the percentage of vehicles in the fleet up to 31 years old. The vehicle age
distributions were prepared by MDE based on information obtained from MVA registration data.
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The vehicle age distributions are based on720VA registration data that included cleaning of
duplicate, expired, and nealigible vehicles such as trailers and faem tractors accounted for in

the Area Source category of emissions. The data was transformed into two sets of MOBILEG6
vehicle types; one conforming to MOBILE® vehicle type and the other to MOBILH6
composite vehicle type system using a S#Sed cmputer program.

The MOVES model input age distributions were produced utilizing the available EREXgtS
based vehicle registration converter tool. This tool assisted in converting the MOBhds2@
data into the MOVES source type categories.

4.2.4 Vehicle Population Data:

The information on the vehicle fleet including the number and age of vehicles impacts forecasted
start and evaporative emissions within MOVES. MOVES model requires the population of vehicles
by the thirteen source type categoriesisTata was prepared-irouse by MDE for the analysis

year 207 utilizing another SASased computer program similar to the one discussed in the
previous vehicle age section. Maryland county vehicle registration data was used to estimate
vehicle populatia for lightduty and medium duty vehicles for all counties in the region. MOVES
default values were adopted for the heavy duty MOVES vehicle types 52, 53, 61 and 62.

4.2.5 Environmental and Fuel Data:

Information on environmental, fuel, vehicle technolagn other control strategy assumptions were
determined based on a review of MOVES28 lefault information by MDE.

Evaporative emissions are influenced significantly by the temperatures of the surrounding air.
Ozone analysis temperature and humidiéyues were determined by MDE as follows using the
procedures documented in EPAOG6s technical gui d

Meteorological Data Along the lines of MD fuel data, 2@1meteorological data for hourly
average MOVES inputs of temperature and relative humidity was also compiled on a triennial basis
for every county in MD. The month by month raw hotatBta sets came from the National Climate
Data Center of NOAA based on atber data collected at the airport situated closest to the county
modeled. Hourly average temperature and humidity computations were developed from the 24
hourly values for every hour in a given month. For the Baltimore Area, since the data source is one
for the entire area (BWI Airport situated in Anne Arundel County of MD), the same set of data was
used for all the constituent city/counties of the Baltimore Area.

Fuel Data MDE obtains monthly fuel data reports regularly from the MD Fuel Laboratbighas

under the jurisdiction of MD Fuel Tax Division of the Office of the Comptroller of MD. These fuel
reports are generated by testing samples collected in the field (gas stations) for the purpose of fuel
regulation enforcement. It covers all coustia MD. Since the data entry of these samples is a
huge task, compilation of fuel data to yield input parameters for MOBILE or MOVES modeling is
confined only to the years for which emission inventories are due for submission to EPA on a
triennial basis bginning with the baseline year of 1990. 2@&ppens to be a year of such periodic
emission inventories. As such Z0Iuel data was compiled and fuel data parameters were
developed separately for the 14 MD counties with EPA mandates to dispense omhulaid
gasoline requirements and the 10 remaining counties dispensing conventional gasoline.
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Two sets of fuel data inputs (Fuel Formulation and Fuel Supply tables) required by MOVES model
were developed Hhouse for every county in MD. The fuel paraerstchanged from the MOVES
defaults are as follows:

fuelFormulationID Unique ID used for easy recognition

fuelSubtypelD Selected per guidance based on ethanol content of gasoline
sulfurLevel Computed from the local fuel data

ETOHVolume Computed fronthe local fuel data

aromaticContent Computed from the local fuel data

olefinContent Computed from the local fuel data

benzineContent Computed from the local fuel data

E200 Computed from the local fuel data

E300 Computed from the local fuel dat

4.2.6 Other Vehicle Technology and Control Strategy Data:

The MOVES20%a default I/M data was reviewed and updated by MDE for all the counties in the
region. The current I/M program known as Vehicle Emission Inspection Program (VEUP) e
for the analys year 207 is described below.

MD Vehicle Emission Inspection Program This program tests model year 1977 and newer
gasoline powered vehicles weighing up to 26,000 Ib. The test is done biennially, and on change of
ownership. There is a two year graegipd for new vehicles. Light duty vehicles model year 1996
and newer, and model year 204nd newer vehicles weighing up to 14,000 Ib get the OBD test.

All other vehicles get an idle test with a gas cap pressure test and a visual check for the pfresence
a catalytic converter. The compliance factors reflect the observed fail and waiver rates observed in
the program, combined with an assumed 96% compliance rate for vehicles showing up for testing.
Heavy duty vehicles have an additional factor, reflecthe fraction of vehicles in the weight range
covered by the program. This was derived from documentation comparing the MOVES and
MOBILE vehicle classes. The significantly higher compliance rate for the gas cap check reflects
the much higher retest magate for this check.

Federal Programs Current federal vehicle emissions control and fuel programs are incorporated
into the MOVES204a software. These include the National Program standards covering model

year vehicles through 2016. Modificationsdaffault emission rates are required to reflect the early
implementation of the National Low Emission Vehicle Program (NLEV) program in Maryland. To
reflect these impacts, EPA has released instructions and input files that can be used to model these
impads. This inventory utilized the August 20¢ersion of the files
(http://www.epa.gov/oms/models/moves/tools.htm

4.2.7 State Vehicle Technology Programs:

MD Clean Car Program: Under the MarylandClean Cars Act of 2007 Maryland adopted the
California Low Emission Vehicle (LEV 1) program. This program began implementation #h 201

This program requires all 28Inodel year and newer vehicles (GVWR up to 14,000 Ibs.) registered

in Maryland to meeCalifornia emission standards for both criteria and greenhouse gas pollutants.
This program also contains a zero emission vehicles component that requires the manufactures to
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produce a certain percentage of zero emission vehicles (electric, fuel cglfpepurchase in the
state. California has just adopted new amendments to thd€cbagsion Vehicle regulation entitled

LEV 1l (third generation low emission vehicle standards). These amendments create more
stringent emission standards for new motehicles. These new standards will be phasealver

the 20152025 model years.

The i mpacts of this program were modeled for
Instructions for Using LEV and NLEV Inputs for MOVES, ER&B-10-003, Januarn201Q EPA

provided input files to reflect the CAL LEVII program with the standard pirasehedules for new

emi ssion standards. Modi fications to those s
reflect a later start for the State of Maryland begig with vehicle model year 201

4.3 ANALYSIS METHODOLOGY

The previous sections have summarized the input data used for computing speeds and emission
rates for this highway emissions inventory. This section explains how PPSUITE and MOVES uses
that inputdata to produce emission estimates. Figure 4.6 provides a more detailed overview of the
PPSUITE analysis procedure using the available traffic data information described in the previous
section.

4.3.1 VMT Preparation

Producing an emissions inventory withSATE requires a complex process of disaggregation and
aggregation of vehicle activities. Data is available and used on a very smal-sodiegidual %2

mile roadway segments for each of the 24 hours of the day. This data needs to be processed
individually to determine the distribution of vehicle hours of travel (VHT) by speed and then
aggregated by vehicle class to determine the input VMT to the MOVES emission model. As an
example key steps in the preparation of VMT for a summer daily run include:

1 Apply Seasonal AdjustmentsPPSUITE takes the input daily volumes from SHA (which
represents AADT traffic) and seasonally adjusts the volumes to an average weekday in July.
This adjustment utilizes factors developed for each functional class and urbdarddea
VMT can then be calculated for each link using the adjusted weekday volumes.

91 Disaggregate to Hours After seasonally adjusting the link volume, the volume is split to
each hour of the day. This allows for more accurate speed calculationss(effecngested
hours) and allows PPSUITE to prepare the hourly VMT and speeds for input to the MOVES
model.

1 Peak Spreading After dividing the daily volumes to each hour of the day, PPSUITE
identifies hours that are unreasonably congested. For those hours, PPSUITE then spreads a
portion of the volume to other hours within the same peak period, thereby approximating the
Aplkaspreadi ngo t hat n-oapatity tohditions.ccur s i n sucl

9 Disaggregation to Vehicle Type€EPA requires VMT estimates to be prepared by source
type, reflecting specific | ocal character.i
runs the hourly volumes are disaggregated to the six HPMS MOVES vehicle grouping
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based on count data assembled by SHA in combination with MOVES defaults as described
in the previous section.

Apply HPMS VMT Adjustments/olumes must also be adjusted to acudior differences

with the HPMS VMT totals, as described previously. VMT adjustment factors are provided
as input to PPSUITE, and are applied to each of the roadway segment volumes. These
factors were developed from the latest HPMS download (condudtedially); however,

they are also applied to any future year runs. The VMT added or subtracted to the SHA
database assumes the speeds calculated using the original volumes for each roadway
segment for each hour of the day.
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